Ever since Morrison (1984) put forward an attention-based model, the basic idea that the movement of the eyes in reading is predominantly determined by moment-to-moment shifts in visual attention has been extremely influential. The Morrison model, and the models derived from it, postulate an intimate relation between the time course of lexical processing and the allocation of visual attention in reading. The assumed sequence of processing steps starts with attention allocated to the currently fixated word and linguistic analysis commencing. After a certain amount of lexical processing has occurred, disengagement and shift of attention to the next word in the direction of reading is allowed. The deployment of attention on the (parafoveal) word determines the signals for amplitude and timing of the next saccadic eye movement and, at the same time, allows for some preprocessing of this word. Then, after the saccadic programming time, the saccade occurs. In some cases, however, the processing of the parafoveal word may allow its complete identification before the saccade is actually initiated, which may result in the cancellation of the saccade program. Under this condition, it is assumed that attention shifts to the word beyond the next word in the text, entailing the programming of a saccade that skips the first parafoveal word.
This "attention-shift" theory has been through a number of revisions (brief summaries are provided in the chapters here by Inhoff, Radach, Starr & Greenberg, and Kennedy) , but the latest version, the E-Z Reader model, is to be found in Reichle, Pollatsek, Fisher & Rayner (1998) .
2 This is a fairly comprehensive model of eye movement control in reading, able to predict saccadic behaviour quite accurately. Accordingly, the majority of the chapters of the present section on "Attention, information processing, and eye movement control" relate their findings rather directly to this class of 'Sequential Attention Shift' models (hereafter, SAS model), with the aim of testing and discussing some of its basic assumptions. From the work presented in these chapters it turns out that some of the basic tenets of the model have to be questioned on the basis of new empirical findings. Among the most controversial aspects are the assumptions that saccades can be programmed independently of shifts of attention, and that lexical information in reading is processed strictly one word at a time. Also under question is the mechanism that is proposed for word skipping, and finally the general, fundamental claim that language processing (more specifically, lexical access) is the main factor driving eye movements. In this commentary, we will therefore discuss some of the basic properties the SAS Model, together with some of the empirical findings of the various chapters, in the light of what can be derived from basic research (not necessarily in the domain of reading) on eye movement and attention control.
What is the nature of the coupling between attention and eye movement control?
Probably the most controversial aspect of the Reichle et al. (1998) version of the SAS model is the assumption that shifts of covert attention are decoupled from eye movement programming, in the sense that the programming of the saccade to the next word may be initiated while attention is still on the currently fixated word. This is made possible by the hypothesis that the two processes are driven by different cognitive events: While eye movements are programmed as soon as an initial lexical familiarity check of the currently fixated word is completed, the attention shift to the next word follows only after lexical access is achieved. According to Reichle et al., this assumption is necessary in order to explain findings that preview benefits decrease as the difficulty of foveal processing increases (foveal-on-parafoveal modulations; e.g., Henderson & Ferreira, 1990) , and also to explain "spillover effects" in which the frequency of a word influences fixation durations on the following word (e.g., Rayner & Duffy, 1986) .
The assumption that saccades can be programmed without an obligatory, preceding shift of attention is certainly in conflict with most of the more recent investigations on the relation of attention and saccade control. The question of how saccades and attention shifts are related has been tackled in quite a number of studies since the late seventies Klein, 1980; Remington, 1980; Rizzolatti, 1983; Shepherd, Findlay, & Hockey, 1986; Crawford & Müller, 1992; Reuter-Lorenz & Fendrich, 1992; Kowler, Anderson, Dosher, & Blaser, 1995; Hoffman & Subramaniam, 1995; Deubel & Schneider, 1996 , Stelmach, Campsall & Herdman, 1997 . Of specific relevance for the task of reading are studies that used perceptual discrimination as the measure for attentional allocation. For example, Hoffman & Subramaniam (1995) and Kowler et al. (1995) used a dual task paradigm where participants had to saccade to a specified location and to identify a target letter. Perceptual performance was best when saccade target and target letter location were identical compared to conditions with differing locations. The stimulus material in the experiments of Deubel & Schneider (1996) probably comes closest to a reading situation, in that they presented participants with a horizontal string of letters separated by blanks. In their dualtask paradigm a central cue indicated a specific item of the string as the target for the saccade. Before the onset of the eye movement, a discrimination target was briefly presented within the string of items. The results showed an extremely high degree of spatial selectivity: Discrimination performance was close to perfect if the saccade was directed to the critical item, but close to chance level when the saccade target was only one item to the left or right of the critical discrimination stimulus. Importantly, the data also showed that this object-specific coupling of saccade programming and object discrimination was indeed obligatory under conditions that would have been optimal for a decoupling. The only study arguing that saccades could be programmed independently of attention shifts is by Stelmach et al. (1997) who used a temporal order judgement as the indicator for attention allocation. However, their findings are somewhat difficult to interpret because of the kind of task used and the low number of participants (two, including one of the authors).
So, in general, the majority of recent studies argue for a tight, mandatory coupling of attention and eye movement control. This has led to the currently dominant view that the presaccadic shift of attention is equivalent to the selection of the peripheral item as the target of the saccade (e.g., Schneider, 1995) , thus constituting the first step in the programming of a saccade. It seems that, from the viewpoint of basic research, one of the fundamental assumptions of the SAS model would have to be dismissed, namely, the proposal that attention can be deployed on the next word before the onset of the saccade, though only after the saccade programming is initiated. Clearly, experiments are urgently required better to determine the exact time course of attention shifts and saccade execution in different experimental situations. In defence of the SAS models, it may turn out that the results from basic research are not totally applicable to the reading situation. Indeed, a major difference between the laboratory tasks described above and the more "natural" reading task is that, in the former, shifts of attention occur voluntarily according to instructions or visual cues, while in reading shifts of attention are endogenously controlled, unconscious and, to some degree, automatic .
A recent study by one of us (Deubel, Mokler, Fischer & Schneider, 1999) provides some evidence that truly automatic, involuntary saccades may be programmed without the involvement of attention. In these experiments, participants were instructed to perform an antisaccade task: upon the onset of a visual stimulus, they had to program a saccade in the opposite direction to the visual stimulus. The programming of antisaccades involves the suppression of a prepotent response, which is the reflexive saccade to the stimulus, and the reprogramming of a saccade to another, intended, location. Allocation of attention was measured in a secondary letter discrimination task. Moreover, participants were asked to indicate whether they felt that they had produced the required response or had made an erroneous (pro-) saccade to the stimulus. It turned out that in this situation, they indeed produced about 20 percent involuntary, erroneous prosaccades directed to the visual stimulus. The discrimination data showed that for the correct, voluntary antisaccades discrimination performance was best at the position of the saccade goal, confirming the earlier findings. For those trials in which an erroneous, involuntary prosaccades was made, however, discrimination performance was either very low at the saccade target position, indicating that attention may have remained at the fixation position, or it was better on the side where the subject was instructed to look than on the side where the subject actually looked. This was particularly pronounced in the cases where the participants did not perceive that they had made an error. Taken together, these findings suggest that the programming of involuntary, reflexive saccades may not require visual attention.
Applied to reading, it is frequently proposed that the control of eye movements is based on an automatic, low level process that could, in the light of these new findings, very well work without the involvement of attention. Curiously, although this idea may be necessary to square the attention-shift models with basic data on attention and saccades, it is actually contrary to the fundamental rationale of the SAS model. This is because it suggests that a component of eye movements in reading would have to be preprogrammed independently of ongoing lexical processing (as in the strategy-tactics model of Lévy-Schoen, 1987, and O'Regan, 1992b) . Obviously, further experimental work on differences in attentional control in tasks involving voluntary vs. involuntary eye movements is urgently required.
Is attention in reading allocated to strictly one word at a time?
A basic tenet of the SAS model is that attention is limited to the currently fixated word, and processing occurs in a strictly word-by-word fashion, i.e., is not distributed over several words. This is in line with common spotlight models of visual attention (e.g., Treisman, 1969; . From this perspective, when lexical access is completed, attention shifts and is allocated exclusively to the next word to be fixated. This is compatible with findings from most of the laboratory studies on the spatial relation of attentional deployment and saccade target selection discussed above which seem to show that, before saccadic eye movements, the capability for perceptual processing is virtually limited to the object that constitutes the saccade target (e.g., Deubel & Schneider, 1996) . However, several papers in this section seriously challenge this view and present convincing evidence for processing of more than one item at a time in reading.
Kennedy (this volume) describes two experiments showing that the fixation duration on a word is influenced by the length and the type-frequency of the initial letters of next word. This demonstrates that some analysis of the word in the right peripheral visual field is being done while the eye is still processing the current word -in contradiction to the basic claim of attention-shift models, according to which processing on the next word only starts once attention has moved off the current word. Inhoff, Radach, Starr & Greenberg's contribution also stresses that a critical test of the attention-shift type models is the question of whether processing at the current fixation can be influenced by information in the word to the right of fixation. In their critical review of existing data on the question, they conclude that there is evidence for such an effect, certainly as concerns orthographic information in peripheral vision, and perhaps as concerns lexical or semantic information. The first experiment they report strengthens this assertion by showing, in a sentencereading situation closer to normal reading than used in previous studies, that fixation and gaze duration on a word were affected by similarity and associatedness of the word in the sentence position. In a second experiment they test another question critical to the SAS position: whether, when a word is being processed, the word to the left of this word is also simultaneously being processed. The evidence clearly indicates that some information from a word to the left of a word undergoing current fixation is indeed extracted. Underwood, Binns & Walker's chapter has a similar purpose, namely to illustrate an influence of foveal processing on peripheral processing, and, conversely, whether there is an influence of peripheral processing on foveal processing. In two experiments they show, first, an effect of foveal-on-peripheral processing (as evidenced by effects on number of fixations and fixation duration on the to-be-fixated word) and, second, (in line with Kennedy's data) evidence that the informativeness of a to-be-fixated word increases fixation durations on the currently fixated word. Although this latter effect is not modulated by the ease of processing of the foveated word, as might have been expected, taken together the two results argue for an account of reading in which visual processing is distributed over several words at a time, and not just limited to the currently fixated word.
The Chapter by Vitu & McConkie provides further data relevant to the question of word-byword processing in reading. Their study looks at the properties of regressions, extending to adults an earlier study limited to fifth-grade readers. The probability of regressing to a word depends on the word's length and frequency, and (in the case where the word was previously skipped) on the eccentricity at which the skipped word was seen prior to the skip. Vitu & McConkie argue for a theory in which regressions to words, and particularly to skipped words, occur because these words have not been completely processed. However, they discuss two minor aspects of their data which may possibly pose problems to this view: the lack of an effect of eccentricity on regression probability, and the fact that, contrary to expectation, here are not more regressions to a word when the word has not been fixated near its middle. However, these problems may be overcome by postulating an asymmetry in the attentional window.
Thus, surveying the informative and carefully argued contributions in this section, it would appear that several authors would welcome a version of the SAS model in which the attentional window is not restricted to individual words, but might have a "fuzzier" contour, encompassing more than the currently fixated word. Indeed, the question of whether, and to what extent, attention can be "divided" among several items, channels, features etc. is probably as old as attention research itself. Clearly, there is ample evidence from basic research that, depending on the task, "unattended" stimuli are nevertheless semantically processed. This has even led to the radical position of some theorists that all messages, attended or not, undergo semantic processing (e.g., Duncan, 1980; van der Heijden, 1992) , in parallel and without processing limits. In this context, it is less surprising to find this same controversy also reflected in discussions of the role of attention in reading. In our view of the bulk of evidence presented here demands that an account in terms of attention shifts, with processing restricted to a single individual word at a time, must be softened to allow for what Inhoff et al here call a "gradient of attention", which may include a number of words, each of which is weighted differently at a given moment during processing.
How can all this be squared with the evidence from the various laboratory studies discussed above which seem to show that, at least for the specific situation before a saccadic eye movement, processing is strictly limited to the saccade target (e.g., Hoffman & Subramaniam, 1995; Kowler et al., 1995; Deubel & Schneider, 1996) ? Again, possible implications for the reading situation probably must be pursued with caution. First, in all of the studies cited above, items at positions neighbouring the target could be perceived above chance level, suggesting that some small amount of attention had actually been attributed to them. This aspect was further addressed by Kowler et al. (1995) , who analysed their data on the basis of an "attentional operating characteristic" and demonstrated that when the emphasis on the saccade task was relaxed, participants were indeed better able to identify items at other positions. Second, all the above studies analysed presaccadic attentional engagement toward peripheral items: none of them studied in parallel pre-saccadic perceptual performance at the fixation position. We have informal evidence from dual-task experiments, such as that of Deubel & Schneider (1996) , that it is indeed the case that perceptual performance at the current fixation remains high until the onset of the saccade, even while attention is already deployed on the peripheral target. Finally, all the above studies are characterised by short-term stimulus presentations of the critical items to be identified and such short presentation times could act to prevent shifts of attention between several of the presented items, in contrast to the rather static stimulus conditions in situations such as reading.
What can be learned from basic research on saccade programming?
All the variants of the SAS model are couched within the classic framework of saccade programming, in which it is assumed that "where" and "when" decisions are made more or less independently, and that there is a phase of saccade "programming" during which saccade characteristics are more or less impervious to new incoming information. These basic assumptions stem from various findings derived from double step experiments (e.g., Becker & Jürgens, 1979; Becker, 1991) -data which have allowed important insights into the basic mechanisms of saccade control. Several chapters in this section (and elsewhere in this volume) directly refer to these basic control mechanisms, and some raise the issue of whether these correctly predict the empirical findings in reading. It would be helpful, therefore, if we first sketch out here some of the current assumptions on the basic saccade control mechanisms.
In a typical double-step experiment, an initial horizontal displacement of a target, it is usual for a small dot to initiate the programming of a primary saccade. Before the saccade is executed, a secondary displacement of the target occurs, either in the same direction as the first step or in the opposite direction. Depending on the timing, size and direction of this second target step, different effects on the saccadic behaviour can be observed -both the spatial end position and the latency of the saccade may be affected by the interfering target displacement, in characteristically different ways. Depending on its relative size and direction, the perturbing stimulus induces basically different effects, which led Ottes, van Gisbergen, & Eggermont (1984) to postulate two different "modes", one, in which averaging responses occur, and the other, in which a bistable response pattern prevails. The findings may be summarised as follows:
Averaging can be observed when the two locations stimulated are on the same side of the retina and are not too far apart (e.g., at 10 deg and at 15 deg eccentricity). In this case, the amplitude of the response is modified in a characteristic way. It turns out that the amplitude can be modified by the sensory information from the second stimulus if it occurs as late as 70 msec before the saccadic reaction. This surprisingly short value indicates that the oculomotor system is prepared to take into account new visual information concerning spatial properties until the latest possible moment before the onset of the movement. If the target step occurs in an interval between approximately 70 and 180 msec before saccade onset, the saccade consistently lands in between the first and the final target location, suggesting that rather than using one or the other target position, a spatial average of target eccentricity calculated within a particular temporal window before the saccade is taken. As the latency of the primary saccade increases, this leads to a systematic transition of the saccade end points, from positions close to the first stimulus location towards positions close to the second location. This data pattern was termed the "Amplitude Transition Function" (ATF) by Becker and Jürgens (1979) . A bistable response occurs when the presaccadic second target shift is very large with respect to the first step (e.g. 10 deg and 30 deg), or involves a change in saccade direction. Instead of being directed to a spatial average, the saccade now is directed to one location or the other, depending on the specific timing. Also, the occurrence of delayed responses including a single saccade is markedly increased, which is interpreted as the time needed for a cancellation of the old saccade program and the reprogramming of the targeting saccade (the "reprocessing time", see Becker, 1991) . So, only in this case, is the timing of the primary saccade altered. Interestingly, saccade timing can be affected only until up to about 120 msec before saccade onset.
Finally, it is important to note here that Becker & Jürgens (1979) , and others, have found evidence of the parallel programming of two successive saccades in different stages of the computation process. This was suggested essentially by the observation that the amplitude and/or latency of the second saccade of a two-saccade response to a double step stimulus depends on the time between the second target step and the first response. Moreover, the latency of a secondary, corrective saccade turns out to be a function of the size of the error it corrects: large remaining errors tend to be corrected with very short saccade latencies. As a consequence, "averaging" primary saccades in double step paradigms are often followed by short-latency, secondary saccades directed to the final target position.
Some implications of these findings are of specific interest. First, it seems that the result of amplitude computation is independent of the absolute latency of the primary saccade to the first step, and, moreover, the effect of the target displacement can be observed until up to 240 msec after its occurrence (Deubel, Wolf & Hauske, 1984) . This suggests that amplitude computation is a process running continuously, independent of the decision of triggering a saccade. Second, the latest point in time where saccade triggering is affected is earlier than the minimum modification time for saccade amplitude: that is, the decision to elicit a saccade is accomplished before the amplitude computation is finished. Taken together, these findings suggest that the process that computes where a saccade is going is essentially independent of and parallel to the process that decides when the movement should be elicited. While the process of amplitude computation shows the attributes of a machine-like, low-level process, saccade timing is much more vulnerable to instructions and expectations and exhibits considerable variability between participants.
Let us now consider some implications of the postulated saccadic mechanisms for the task of reading. A situation that can be closely linked to a double-step stimulus occurs in reading when a word is skipped. The SAS model postulates that word skipping takes place when the lexical processing of the first peripheral word (subsequently referred to as word N+1) is completed very early during the fixation period on a given word N. It is then assumed that the ongoing preparation of the saccade aimed to this word is cancelled, and the saccade reprogrammed to the next word in the line (word N+2). In the light of the research reviewed above, one would now expect one of two alternative observations. The first possibility (related to the bistable response mode) would be to find indication of a "reprogramming time", reflected in a considerable inflation of fixation durations before words are skipped. The saccades should then land on, or near, the centre of either the first or the second word. We will argue below that the evidence on this point is equivocal. Alternatively, if the averaging mode is relevant, there should be evidence of something analogous to ATFs, both in terms of an amplitude transition from landing on word N+1 to landing on word N+2, and in terms of the very short secondary saccade latencies typical for many averaging responses. More specifically, one would necessarily expect that the probability of landing closer to word N+2 should increase with longer fixation duration on word N and that there are many short fixations at the respective landing positions.
Given the fact that the averaging scenario occurs under experimental conditions close to reading (e. g. Findlay & Harris, 1984) and is at the core of current versions of the SAS model, it is quite surprising that, to the present, no study has specifically addressed the question of the existence or absence of ATFs in reading. However, looking at the problem from a different angle, Radach, Heller & Inhoff (1999) studied the occurrence of very short duration fixations during reading. In a sample of 24 participants of a sentence reading experiment they found that the occurence of fixations in the range of 80 to 120 ms varied from 0.5 to 12 percent. Although saccade reprogramming is a very likely explanation for the occurence of very short fixations, their extremely uneven distribution among individual readers raises doubts about the possible role of averaging responses as the default mechanism for every case of word skipping.
Of relevance to the question, is the effect of fixation duration on saccade length in reading. Radach & Heller, in this section, provide an exhaustive classification of possible hypotheses on this matter, and review much of the available data. One conclusion is to confirm previous observations that the duration of a fixation increases when the preceding saccade is long: this is consistent with the idea that parafoveal preprocessing of a word facilitates its subsequent processing. In addition, they make the novel observation, however, that there is only a weak relationship between the duration of a fixation and the extent of the following saccade. In particular, they find no evidence that fixation durations are longer prior to the eye skipping a word (see also McConkie, Kerr & Dyre, 1994) . Since this contrasts with studies reporting increased fixation durations before wordskipping (Pollatsek, Rayner & Balota, 1986; Reichle et al. 1998 ) it is clear the question needs further investigation, but it can be concluded that at this point there is no clear empirical support for the presence of a mechanism similar to the bistable response in the double step paradigm. This conflicts with the claim of SAS models that word skipping necessarily requires cancellation of a potential saccade to the next word and thereby involves a longer prior fixation duration. It could be that, depending on the local visual configuration, words are "skipped" as part of a general scanning routine selecting words as fixation targets on the basis of their length and eccentricity (Reilly & O'Regan, 1998) and we shall return to this point later.
The picture is further complicated by the fact that Vonk, Radach & van Rijn in this section demonstrate a small but reliable effect of cognitive processing on saccade size. In a review of the literature on the effects of local cognitive processing on the eye's landing site in reading, they initially show that evidence for such effects is scarce and to be found only in restricted conditions such as single sentence reading, where participants may be reading particularly carefully, and in cases where orthographic familiarity is strongly manipulated. When contextual constraints is well controlled and orthographic familiarity manipulated in a less extreme fashion (as in the experiment reported here), there is a weak, but systematic, 1/3 rd -letter effect of a word's orthographic familiarity on landing position in the word. Vonk et al. interpret their data in terms of a gradual modification and refinement of the amplitude of the impending saccade, which takes place even after the final decision to elicit the saccade has occurred. This is obviously consistent with the assumption derived from the basic research discussed above that a decision to move the eyes is made before computation of saccade amplitude is finished.
In conclusion, the question of exactly what reading researchers can learn from current experimental findings on oculomotor control turns out to be quite difficult to answer. Some of the data presented in this section seem to indicate that certain basic assumptions (e.g., those predicting averaging responses) are not warranted by the empirical findings. The problem is the familiar one: that it is not clear to what extent results from rather artificial laboratory situations can be transferred to the task of reading. For example, the stimulus eccentricities and saccade sizes used in many studies of basic oculomotor properties are far larger than those normally involved in reading. Equally important, the saccades in these situations were obviously reflexive saccades triggered by external, transient stimulus changes. The underlying processes might be very different for endogenously controlled saccades on visually static reading material. Finally, it should be noted that systematic behavioural investigations of basic mechanisms of saccade programming, of the type carried out by Becker and Jürgens, have virtually ceased since the mid-eighties (see the review by Findlay & Walker, in press ). We think that in order to improve models of reading, this type of research requires urgent resurrection, using stimuli and tasks more closely approaching the reading situation Viewed from the other side, perhaps models of the saccade control processes can be constructed which are more flexible than those postulated in the double-step paradigm, and which are more applicable to the reading situation. For example, an alternative approach to saccade control has been suggested recently by Clark (1998) . Derived from the pre-motor theory of attention (Rizzolatti, 1983) , Clark rejects the notion that saccades are "programmed", and yet is able to account for classic phenomena like the double step effects, the gap effect (Saslow, 1967) , and the effect of saccade latency and predictability on saccade accuracy (e.g. Coëffé & O'Regan, 1987) , using a simple, winner-take-all neural net, compatible with the known neurophysiology of the superior colliculus (see e. g. Wurtz, 1996 , for an introductory review). The model involves a spatiotopic saliency map where bottom-up visual factors and top-down cognitive processing interact to create regions of competing activity. The eyes make a saccade when a peripheral region of the saliency map becomes more active than the saliency of the currently fixated region. The time course and endpoint of the saccade are determined by the dynamics of the winner-take-all competition. This idea is quite different from most current models of eye movement control in reading: serial word-by-word allocation of attention is replaced with competition between (parallel) allocation of processing resources at the fixated location, and allocation of resources in the peripheral region. It would be interesting to investigate whether the effects of interaction between central and peripheral processing that have been observed by several of the papers in this section might be modelled in this way.
Whither models of eye movement control in reading?
We want to conclude the commentary by widening the discussion a little. One of the most persistent ideas underlying theories of eye movement guidance in reading has been the notion that eye movements should be tightly linked to ongoing linguistic processing. This has proved enticing to psycholinguists and has been a constant motivation for eye movement research over the last 20
years. An early manifestation of this idea was the notion of perceptual span control. Thus, the earliest of modern studies on eye movements in reading (e.g. McConkie & Rayner, 1975; O'Regan, 1979) were motivated by the idea that the distance the eyes move at each saccade might be determined, in a moment-to-moment fashion, by the amount of text material that is visible or being processed at each fixation. In one respect the SAS model is the heritage of the notion of perceptual span, being based on the idea that it is moment-to-moment processing that is determining the choice of the next word. However, in other respects the model departs quite substantially from the original notion, because rather then assuming that the eyes aim for some location at the edge of the perceptual span, the SAS model is concerned with how words are selected for fixation as a result of local processing within the span.
The "processing difficulty hypothesis" of Hyönä & Pollatsek (this volume, but see also Hyönä 1995; Henderson & Ferreira, 1990) represents another variant of local processing, claiming that "the perceptual span (our italics) around the fixation from which useful information is picked up is narrowed down with increasing difficulty in parafoveal and foveal processing. Thus, when a word in foveal or parafoveal vision is low frequency, less parafoveal processing will be done, which should then lead to a shorter forward saccade." (pp ??). The results of Hyönä & Pollatsek on reinspection patterns within complex word are very interesting both from the perspectives of word processing and eye movement control. However, their theoretical proposal marks a renaissance of ideas close to the classic notion of perceptual span control, which, although very appealing, has unfortunately been shown to be not in harmony with a substantial body of empirical evidence. First, there are studies that manipulated visual parameters, such as viewing distance (O'Regan, Lévy-Schoen & Jacobs, 1983), target-background similarity and letter visibility (Jacobs 1986 , Jacobs & O'Regan 1987 using psychophysical methods. In these studies the concomitant changes in saccade extent or fixation duration to be expected from perceptual span control were not observed. Second, and more relevant to the particular hypothesis put forward by Hyönä and Pollatsek, it is not necessarily the case that a deterioration of parafoveal visual performance as a function of foveal processing load must take the form of a narrowing of the perceptual span or, to use another popular concept, of inducing "tunnel vision". For example, in a study using a cognitive load manipulation at a primary foveal task (memory comparison) and a secondary visual detection task, no evidence of tunnel vision was found, with a uniform performance decrease over a range of eccentricities (van de Weigert, 1993 ; see also Williams, 1988 ).
This suggests that in reading and visual search, it is possible for a viewer to invoke different overall strategies, not directly related to perceptual span, corresponding to more or less careful scanning. Following McConkie, Kerr, Reddix & Zola's (1988) excellent quantitative analyses of landing site distributions in reading, Reilly & O'Regan (1998) showed that a very good account of saccade behaviour could be given by supposing that at each saccade, the eye attempts to move to the longest word in a peripheral window of about 20 characters to the right of the fixation point, but that it suffers from oculomotor aiming errors (centre of gravity effects or range effects) which make it deviate somewhat from the aimed-for location. This simple principle yields a good description of what the eye does in reading. But the question arises: Do the eyes move in this way "intelligently", that is, because they wish to process each (longish) word sequentially? Or do the eyes move this way because they are using a "dumb", oculomotor strategy unrelated to ongoing processing, but which "looks intelligent" because on average it provides textual input to the visual system at a convenient rate?
The proponents of "processing" models of eye guidance in reading opt for the "intelligent" alternative. One of their arguments is that there exist data showing that in reading there are effects of word frequency on the probability of refixating or skipping a word. But they slip from noting that "cognitive variables appear to be influencing (our italics) gross decisions, such as which word to fixate (e.g. Do I refixate this word? Do I skip this word?)" to the claim that cognitive variables are the main drivers of eye movements in reading. It is now established beyond doubt that there are indeed effects of lexical factors on refixation and skipping probability (e.g. Rayner, Sereno & Raney, 1996 , Brysbaert & Vitu, 1998 . However this does not mean that the main driving force behind eye movements is lexical processing: just as being able to avoid a puddle doesn't prevent walking from being primarily an autonomous rhythmic activity, in reading the existence of lexicaldependent skipping does not imply that the underlying strategy is driven by lexical processing. In fact, a number of indications seem to suggest that the driving force behind eye movements in reading is a "move forward" strategy which is independent of sentence processing. First of all, as pointed out by Vonk et al. in this section (see also O'Regan, 1990; Brysbaert & Vitu, 1998 ) the effects of linguistic variables on refixation and skipping are relatively modest. Secondly, the Reilly & O'Regan simulation noted above actually gave better results when a mechanism for skipping high frequency words was excluded than when it was included. A stronger argument in favour of a "dumb" eye movement strategy was given by the zzz-experiment of Vitu, O'Regan, Inhoff & Topolski (1995) , and its replication by Rayner & Fischer (1996) . In this experiment very similar distributions of landing sites and probabilities of word skipping were found in a task of scanning through lines of sequences of z's spaced out like words in normal text. Even though Rayner & Fischer (1996) claim that there are "important differences" between normal reading and zzzreading, and even though they claim their results show that "eye movements are not guided by a global strategy and local tactics, but by immediate processing demands" (p. 734), it is clear that the major portion of variability of the landing site and refixation probability distributions in their data is common to both normal and zzz-reading. It is true that there are effects related to lexical processing, but these merely modulate underlying effects that are common to both types of reading. It therefore remains questionable that cognitive processing is the driving force behind saccades in reading. On the contrary, as claimed by Vitu et al., it is possible that a "dumb" strategy underlies reading, and that this is modulated by ongoing linguistic processing.
We will now turn to consider the question of landing position within words. A moment-tomoment processing account of saccade control in reading would suggest that if the eye lands too far from the optimal position for recognising a word (which is generally near the word's middle), then the most advantageous strategy would be to move fairly far to the other side of the word so as to maximise the amount of material within the word that could be encompassed. Indeed, examination of landing sites within words when two fixations are made, show this kind of behaviour, (O'Regan & Lévy-Schoen, 1987 for isolated words, and Vitu & O'Regan (1989) and for reading). Similar data is also presented by Beauvillain, Vergilino and Dukic in this section. But the same question can be posed: Is this necessarily the result of "intelligent", ongoing eye movement guidance, or is it the result of a "dumb" strategy that has adapted to provide the visual processor with lexical material at an overall convenient rate? Analysis of landing sites for cases where the eye fixated a word twice were also done in the zzz-reading experiments, and again these show very similar patterns to refixations in normal reading. There are small differences of coursefor example, Vitu & O'Regan (1989) found that the eye fixates further towards word beginnings and endings when making refixations in reading than when making refixations in zzz strings, and this effect is stronger when a word has received parafoveal preprocesssing prior to the eye landing upon it. But overall, the main underlying component of the eye's behaviour in refixating zzzstrings is strikingly similar to that for normal reading. An experiment by Nazir (1991) also suggests the presence of strong oculomotor components to within-word eye movement tactics: when the eye moves from fixating a target within a string of k's to an adjacent string, even though for processing there is no reason to do so, the eye tends to make a second stop in the string before leaving it. Beauvillain et al. in their chapter have taken the initial steps in investigating the oculomotor programming involved in such cases, and the extent to which linguistic processing can modulate this programming. They claim that the intra-word program is different from the interword program, whereas Radach & McConkie (1998) claim that both types of saccades can be explained from a unitary fixate-near-the-middle routine, with some oculomotor range error added.
Consider what happens when you ask a person to move their eyes smoothly along a straight line. It is well-known that the eyes cannot autonomously produce a smooth eye movement, but that they move in saccades. There is thus an underlying mechanism within the oculomotor system which, as attention moves smoothly along, transforms this into a series of saccades. Lévy-Schoen (1980) carried out an experiment whose outcome also argued in favour of a "chunking" of saccadic exploration. She had readers read silently along with another reader who was reading the text out loud slowly. She found that the silent reader's eye movements consisted in repetitive refixations of each word, presumably unrelated to linguistic processing, resembling the backwards and forwards movements that an excited dog makes around its master when the master is walking too slowly. The fixation durations and saccade sizes had means and distributions very similar to those for normal reading: there were just more of them. The interpretation, again, is that the eye has its own dynamics. It does not like to sit still, and its motions are strongly governed by its own laws, not directly related to cognitive processes.
As we have discussed, basic oculomotor mechanisms of the kind advocated above have been incorporated in recent "processing" models of eye movement control in reading. For example, Reichle et al. (1998) propose a low-level routine which programs a refixation that is automatically executed if it is not cancelled as a consequence of completing a lexical familiarity check on the target word. As Rayner et al note, this "dumb" default strategy is not very different from that proposed by O'Regan (1992b) . In a revision of the E-Z reader model, presented in this volume, they integrate into their processing-based framework the perceptuo-motor principles proposed by McConkie et al. to account for the distribution of saccade landing sites.
While in such local processing models oculomotor factors play an important role in the control of saccades, this is not the case for the control of fixation durations. Yet, even in very simple tasks such as that mentioned above of trying to move one's attention along a continuous line, the eye will tend to make fixations whose durations are similar to those observed in reading (i.e. in the 150-300 ms range). In the zzz-string reading, fixation durations were also in the same range as in normal reading, and more importantly, their dependence on the location fixated in the strings followed the same curves that apply to reading words. Thus for example, when a single fixation is made in a string, the duration of the fixation obeys an upside-down U-shaped function, with the longest fixation occurring near the middle of the string (Rayner & Fischer, 1996) . This is exactly what happens in normal reading (Vitu, McConkie, Kerr, & O'Regan, in preparation; . It is, parenthetically, a rather peculiar effect: on processing grounds one might have expected that the closer one fixates to the optimal viewing position in a word, the shorter the duration of the fixation would have to be. This, and the fact that the effect occurs both for strings and words, suggests that it does not originate in lexical processing. However, in normal reading there is an effect on this curve of the word's frequency: fixation durations are somewhat longer for low frequency words. This shows that linguistic factors are active. Our suggestion, however, is that these factors are essentially modulating influences operating on the basis of the underlying oculomotor strategy.
A similar point can be made concerning the durations of individual fixations when there are two in a word. The durations of these fixations obey a very interesting law (for isolated words: O'Regan & Lévy-Schoen, 1987; also in O'Regan, 1990 ; for words in reading: O'Regan, Vitu, Radach & Kerr, 1994) : when the first fixation is near the beginning of a word or near the end of a word, it is short, and it is longer when it is near the middle of the word. The duration of the second fixation of two is short if the first is long, and long if the first is short. The sum of the two durations is approximately constant, independently of where the first fixation occurred in the word. This pattern strongly suggests that the processing of the word is spread over the two fixations. Furthermore, the durations depend on lexical variables, being longer when the word is unpredictable and of low frequency. But again, further investigation shows that these patterns may be the consequence of a strategy that "looks" intelligent but is, in fact, dumb, without requiring ongoing processing to actually determine eye movements in a moment to moment fashion. Thus, when experiments are performed using strings of characters, and in cases where no processing at all need be done, very similar curves are obtained (unpublished work cited in O' Regan, 1990; O'Regan, Vitu, Radach & Kerr, 1994) . At the very least, our claim is that more work is necessary to distinguish between phenomena of eye guidance that really are intelligent, and those that just seem intelligent. In this work it will be important to keep in mind that because eye movement behaviour may be strongly modulated by linguistic factors, this does not necessarily imply that linguistic processing is the prime mover of the eyes: neither as concerns saccades nor as concerns fixation durations.
Conclusions
As incontestably demonstrated by the interest it has generated, the current version of SAS models (the E-Z reader model), is a remarkable achievement, indicating that our discipline has reached a state of maturity where theories are specific enough to become testable on a computational level (see Jacobs, this volume, for a detailed discussion). It is however noteworthy that, as demonstrated by the arguments presented here, the alternative notion that low-level oculomotor processes might by playing the dominant role if eye movement control during reading remains a serious possibility. It certainly seems worthwhile giving such a predominantly low-level control theory the degree of formalisation and testability as has benefited the SAS model. Within such a theory, of course, room would have to be made for some degree of modulation of low-level oculomotor programs by ongoing linguistic processing. The existence of such cognitive modulation of eye movement parameters will naturally provide a theoretical base for the use of eye movements in psycholinguistic research. In fact it may turn out that it will be easier to extract the linguistically modulated component of eye movement behaviour within such a theory than within an attention-based framework.
4 This is because under the hypothesis of predominantly low-level visuomotor control, baseline variations in oculomotor parameters will be rather easily definable in terms of low-level parameters, and any deviations from these will be recognisable as linguistic effects. This is in contrast to the situation within an attention-based model, where eye movements are more inextricably intertwined with cognitive processing (see also Inhoff & Radach, 1998 and Murray, this volume, for discussions on the complexities of using oculomotor measures in psycholinguistic research).
Another important point arising from the argument we have developed here concerns the relation between eye movement control in reading and basic oculomotor research. It is clear that workers studying reading have in the past made use of principles derived from basic research on saccade generation. Examples of this are the analogy between the double-step studies and the SAS theories; the use of the concept of the saccadic range effect (Kapoula & Robinson, 1986) in McConkie et al's (1988) explanation of saccadic landing positions in reading; and O'Regan's (1990) use of the "global" or "centre of gravity" effect (Findlay, 1982; Ottes et al. 1984; Deubel et al., 1984) in his strategy-tactics theory. However, many of the principles that have been appealed to were based on experimental work using very simple stimuli and tasks quite unlike those found in normal reading. It would be very helpful if an effort could be made to extend the methods and approaches of basic research so as to be more applicable to the situation of normal reading, thereby rendering possible the establishment of functional explanations of reading behaviour via basic oculomotor principles.
